report the crystal structure of the Notch transcriptional activation complex. These structures show that the ANK domain of Notch is an integral part of the transcription complex and supports MAM binding, whereas the RAM domain may trigger allosteric changes in the structure needed for the derepression of transcription.
The Notch pathway constitutes a short-range channel of communication that is involved in many fundamental aspects of multicellular life: proliferation, stem cells and stem cell niche maintenance, cell fate acquisition, differentiation, and cell death. In response to ligand binding, Notch undergoes proteolysis to release the active Notch intracellular domain (NICD), which enters the nucleus and activates the transcriptional repressor CSL (an acronym for vertebrate CBF/ RBP-jk, Drosophila Su(H), and C. elegans . In the absence of NICD, CSL proteins complex with ubiquitous co-repressor proteins to repress transcription. The NICD/CSL complex regulates many targets in a context-dependent manner. This sequence of events is known today as the canonical Notch signaling pathway (reviewed in Lubman et al., 2004) .
Only a decade ago, the possibility of direct nuclear signaling by a surface receptor was speculative at best. Three observations began the shift from speculation to canon. First, an assay for Notch activity in cultured cells required its presence in the nucleus (Kopan et al., 1994) . Second, a search for RBPjk-associated molecules identified the RAM domain, and not the conserved ankyrin domain (ANK), as a key to the association between Notch and CSL (Tamura et al., 1995) . Third, a nuclear complex bound to a promoter regulated by Notch was shown to contain RBPjk and Notch; Notch1 molecules that include the RAM domain have the greatest transcriptional activity (Jarriault et al., 1995) . It took an additional 5 years to demonstrate that once Notch and CSL associate, a third protein, called MAM (also known as mastermind/MAML/ lag-3), joins the complex (Petcherski and Kimble, 2000) . In this issue of Cell, two reports provide a highresolution view of MAM bound to NICD-CSL-DNA complexes (Wilson and Kovall, 2006; Nam et al., 2006) . Importantly, these structures allow juxtaposition of the complex with and without the RAM domain. This analysis suggests a mechanistic explanation for how NICD is able to switch a repressor complex off: long-range allosteric interactions triggered by the RAM domain are at the heart of this key control point in cell fate determination. Because one structure is made of human proteins and the other with proteins from the nematode C. elegans, we use the terms MAM, NICD, and CSL to describe the proteins in the complexes and use the nomenclature of Kovall et al. (Kovall and Hendrickson, 2004) to describe the domains within CSL. There is a remarkable degree of structural conservation between these human and worm complexes, which survived millions of years of selection pressure (Figure 1C) .
The first question addressed by these structures is related to the details of complex assembly. Although MAM binds with high affinity to the CSL/NICD complex in an interaction that requires the ANK domain of NICD, neither NICD nor CSL bind to MAM in isolation (Nam et al., 2003) . The structure of the complex presented by Nam et al. (2006) explains why both CSL and the ANK domain of NICD are required for MAM binding. The interface between the two proteins forms an extended groove made up of the ANK domain of NICD on one side and the C-terminal domain (CTD) of CSL on the other. MAM is nestled within this groove as a long helix, making extensive contacts with both proteins ( Figure  1B ). Following a proline-centered kink, a second long helical segment extends along the N-terminal domain (NTD) of CSL ( Figure 1B ). In the structure containing RAM, this basic architecture is maintained. Another invariant element of the structure is the CSL-DNA interface, arguing that Notch binding does not alter the affinity of CSL to its cognate site. This eliminates one possible mechanism through which the four vertebrate Notch para-logs could have evolved separate specificity. In contrast, the MAM polypeptide displays very little helical structure in the unbound state and thus undergoes a major conformational transition on binding.
Although a large body of biochemical and molecular genetic data indicates that both the RAM and ANK regions of NICD are important for CSL-mediated Notch signaling, some studies suggest that the interaction between ANK and CSL is weaker than that between RAM and CSL (Nam et al., 2003) . Although the interaction between ANK and CSL may be weak in isolation, these proteins form a large interface in both complexes (Nam et al., 2006; Wilson and Kovall, 2006) . This interaction primarily involves the CTD of CSL, although a number of contacts are made between ANK and the NTD as well. Comparison of the structure of unbound CSL (Kovall and Hendrickson, 2004) and ANK (Nam et al., 2006; Zweifel et al., 2003) shows that the formation of the ANK-CSL interfaces (in the absence of RAM) involves rigidbody docking in which the two components retain their unbound conformations (Nam et al., 2006) .
Although the core of the modular ANK repeat domain does not change its conformation among the various free and complexed structures, one end of the ANK domain shows considerable plasticity. In the unbound state, the N-terminal ankyrin repeat of Drosophila NICD is partly disordered and appears to sample conformations that are distinct from an ankyrin repeat fold (Zweifel et al., 2003) . However, it does contribute to the overall stability of the ANK domain in solution (Mello and Barrick, 2004) . Upon binding to CSL, this first repeat adopts an ankyrin fold. This folding is at least partly induced by favorable interactions with CSL and may be further stabilized by indirect interactions with the N terminus of MAM. Inclusion of the RAM region may also stabilize the first repeat and, surprisingly, a region N-terminal to the first repeat also adopts an ankyrin-like fold (Wilson and Kovall, 2006) . It is interesting to speculate whether this will become an interaction surface for downstream components. (Wilson and Kovall, 2006) . DNA bound by the complex is in yellow. (B) Together with the CTD domain of CSL (red), the ANK domain of NICD (blue) forms a combined interface into which a long (?8 turn) helix of MAM binds, much like a hot dog in a bun (Nam et al., 2006) . (C) The RAM-ANK-MAM-CSL structure (right, blue) and the ANK-MAM-CSL (left, red) structure were superimposed (middle panel) to illustrate the large (?10 Å) structural displacement in the region of the CTD of CSL coincident with the binding of RAM to BTD. This displacement (blue and red arrows to mark the CTD, yellow and green mark the distance between the BTD and CTD) is amplified into the ANK domain (pink and turquoise arrows) relative to the BTD by its entire width. Note that the contacts with DNA remain unchanged. Also, note the presence of an additional ankyrin fold in the blue structure above the turquoise arrow. The structure undergoes a ratchet motion when RAM is present. This is best seen in Movie S1 available with this article online. Still images were generated using MacPymol (http://www.pymol.org) and were superimposed using Canvas, and the movie of these images was assembled in QuickTime Pro.
A central question that remains unresolved is how NICD is able to act when faced with an overwhelming excess of repressor partners for CSL proteins. This is of particular importance because the Notch signaling pathway lacks amplification between the signal input and the transcriptional response. Just as the structure of the Notch ANK domain complexed with MAM and CSL-DNA permits a focused analysis of the ANK-CSL interaction (Nam et al., 2006) , the analogous Notch RAM-ANK-CSL complex (Wilson and Kovall, 2006) provides a view of the RAM-CSL interaction and sets the stage to evaluate the synergy of the bivalent RAM-ANK interaction on CSL. The RAM region makes direct contacts with the β trefoil domain (BTD) domain of CSL (Wilson and Kovall, 2006 ) using a hydrophobic motif identified as critical for binding more than a decade ago (Tamura et al., 1995) at a site on BTD predicted in earlier studies (Hsieh et al., 1996; Kovall and Hendrickson, 2004) . In an extension of this interaction, an adjacent segment of RAM participates in a β sheet interaction with BTD.
Most intriguingly, the bivalent interaction of RAM and ANK produces substantial conformational changes within CSL compared to the unbound CSL-DNA structure. The ANK binding CTD of CSL tilts by more than 10 Å toward the RAM binding BTD region (Wilson and Kovall, 2006;  Figure 1C and Movie S1), translocating the ANK and MAM domains along with it. Comparing the two complexes (with and without RAM) helps define the origin of this structural change. Aside from the possible effects of sequence differences between the components within the two complexes, the observation that the structure of the ANK-CSL complex is similar to that of the unbound CSL-DNA (Nam et al., 2006) demonstrates that RAM plays a major role in triggering this structural transition. It is not clear from the two structures whether the conformational change in CSL is produced by RAM binding alone or by the synergistic interaction between RAM and ANK. If both are required, it will be important to understand the mechanism by which these distant binding domains cooperate in producing this allosteric transition. Although the BTD and CTD might be pulled into proximity by the tandem positioning of RAM and ANK, the ?100 residues spanning the RAM binding epitope and the ANK regions of NICD (mostly disordered in the complex) provide more than enough length to make this connection even in the relaxed form of CSL (the contour length of the disordered region alone is ?260 Å). Considerable insight on this issue would be provided by a structure of a CSL-RAM complex in the absence of ANK from both species in addition to complexes with both RAM and ANK on separate chains, without the linker connecting them.
Based on the structures presented in this issue of Cell, the ANK-CSL interaction seems to largely involve rigid-body docking, and the energy of binding may be localized largely to the resulting interfaces. Moreover, the addition of RAM results in allosteric changes; this allostery may form the basis for the displacement of corepressors. Impressively, this was predicted based on the ability of the isolated RAM region to enhance the transcriptional activity of the otherwise inactive RBP-jk fused to the Cterminal Notch activation domain (Kurooka et al., 1998) . The crystal structures suggest that the addition of RAM alone might be sufficient for derepression, whereas ANK must be present to allow the formation of the activating complex. However, one conclusion is now inescapable-the ANK domain of Notch is indeed an integral part of a transcription complex, and the RAM region may turn the key.
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